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A study on the Statistical Distribution and Testing of
Variation Indicies at the Small Area Variation Analysis
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Objectives. The Study of Small Area Variation(SAV) is most
interesting issue in the health care researches. Most studies of
SAV have been concluded the existences of variation on the basis
of the magnitude of variation without statistical testing. But it is
difficult to explain the existence of variation with this way because
variation indicies are easily influenced by several parameters and
also their distribution are skewed. So, it needs for the study to
investigate the distribution of these indices and develop the
statistical testing model.

Methods. This study was planned to analyze on the distribution
of variation indices such as Extremal Quotient(EQ), Coefficient of
Variation(CV), Systematic Component of Variation(SCV) and
compare the statistical power among indicies. The simulations was
performed on the basis of several assumptions and compared to
the empirical data.

Resuits. Main findings can be summarized as follows.

1. If other conditions are constant, the more number of regions,
the larger 95 percentile of EQ. But under same situation, 95
percentile of CV and SCV were slightly decreased.

2. If the size of regional population or utilization rate were

increased, 95 percentile of all statistics were decreased. Also in
the cases of small population size and low utilization rate, 95
percentiles of EQ showed various change contrast to the little
change of CV.

3. If the difference at the size of regional population were
increased, 95 percentiles of EQ and SCV were increased contrast
to the littte difference of CV

4. if the utilization rate were increased, 95 percentiles of all
indicies were increased. But under the same difference of
utilization rate, the power of CV and SCV were increased
comparing to no change of the power of EQ.

5. Usually the power of EQ were lower than that of CV or SCV
and it is simitar between CV and SCV. )

Conclusions. Therefore, we suggest that in selecting the
variation indicies at the SAV, CV or SCV are superior than EQ in
terms of significance level and power.
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Figure 1. Simulation process.
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Table 1. 95 percentile of variation indicies by distribution type of utilization
(assuming that size of area population were same as 100,000 populations)

noof utilization

distribution type of utilization

areas rate

binomial distribution

poisson distribution

EQ cv SCv EQ cv scv

10 0.0005 1.929 0.196 14.267 1.945 0.195 14.175
0.001 1.582 0.137 6.803 1.576 0.136 6.563

0.005 1.220 0.061 1.340 1.221 0.062 1.390

0.01 1.151 0.042 0.601 1.150 0.043 0.640

20 0.0005 2132 0.178 10.055 2129 0.178 9.919
0.001 1.685 0.127 5.262 1.687 0.127 5.172

0.005 1.254 0.056 0973 1.256 0.056 1.013

0.01 1.173 0.039 0.445 1.173 0.040 0.510

30 0.0005 2.250 0.173 8.622 2.239 0.173 8.927
0.001 1.719 0.121 4.180 1.709 0.122 4214

0.005 1.266 0.054 0.783 1.270 0.054 0.851

0.01 1.183 0.038 0.393 1.183 0.039 0433

40 0.0005 2330 0.168 7.256 2.334 0.169 7.802
0.001 1.777 0.119 3.770 1.757 0.119 3.870

0.005 1.276 0.053 0.679 1.283 0.053 0.740

0.01 1.191 0.037 0.332 1.191 0.037 0.346

50 0.0005 2.350 0.165 6.486 2.369 0.166 6.900
0.001 1.805 0.117 3.458 1.788 0.116 3.085

0.005 1.287 0.052 0.602 1.286 0.052 0.634

001 1.194 0.036 0.283 1.198 0.037 0.319

Table 2. 95 percentile of variation indicies by size of area population

(assuming that individual utilization were to be approximated binomial distribution)

noof utilization

size of area population

50,000 populations 10,000 populations
areas rate
EQ (o\% scv EQ Ccv SCV
10 0.0005 2.793 0278  28.993 - 0682  184.605
0.001 1.970 0.198 14.646 7.612 0.458 80.183
0.005 1.327 0.086 2542 1.962 0.196 14.426
0.01 1.218 0.061 1.306 1.547 0.133 5.695
20 0.0005 3152 0254 20746 - 0.598 122427
0.001 2.105 0.177 9.441 12.916 0404 50230
0.005 1.375 0.079 1.872 2.121 0.181 10517
0.01 1.251 0.056 0.974 1.668 0.125 4.593
30 0.0005 3.432 0.244 16.882 - 0572 101373
0.00] 2.250 0.173 8.746 19.866 0.392 44,652
0.005 1.408 0.077 1.632 2215 0.172 8.540
0.01 1.267 0.054 0.773 1.717 0.120 3.785
40 0.0005 3.685 0.241 15.994 - 0.554 83.699
0.001 2336 0.167 7038 55.486 0.381 38.617
0.005 1.423 0075 1.426 2304 0.167 7.189
001 1277 0.052 0.665 1.780 0.118 3412
50 0.0005 3.831 0234 13.038 - 0535  69.650
0.001 2.358 0.164 6.339 56.543 0.371 32319
0.005 1.436 0.073 1.249 2.365 0.166 6.685
0.01 1.288 0.052 0.059 1.791 0.116 2936

* : jt can’ t be estimated 95 percentile of EQ
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Table 3. 95 percentile of variation indicies by type of uniform distribution of
area population”
(assuming that individual utilization were to be approximated binomial distribution)

type of uniform distribution of area population

noof  utilization U(1,100000)+50000 U(1,190000)+5000
areas rate

EQ CV  SCV EQ CV sy

10 00005 2231 0208 1739 3175 0217 33098
0.001 1674 0145 8479 2259 0243 26079

0.005 1264 0068 1346 1206 0052 1212

001 LITL 0044 0845 1285 0066  2.17I

20 00005 2247 0195 12135 6208 0292 31304
0.001 1772 0131 588 2116 0.147 9719

0.005 1258 0056 1032 1608 0103 4071

001 LI84 0040 0531 1255 0047 0973

30 00005 2405 0179 879% 3338 0213 15966
0.001 179 0123 4850 2478 0164 9.156

0.005 1295 0054 0900 1463 0063 1871

001 1198 0040 0438 1330 0059 1158

40 00005 2493 0161 7971 5274 0190 17733
0.001 1968  0.26 4691 3447 0158 10042

0.005 1332 0056 0919 1505 0076 1610

001 1213 0039 0423 1313 0048 0703

50 0.0005 2657 0171 7348 6296 0238 14707
0.001 1942 0123 3874 3091 0160 7716

0.005 1335 0057 0763 1549 0065 1497

001 1224 0038 0387 1339 0048 0643

" when the size of area population was different from each other and its minimum value was to be 10,000
populations or 50,000 populations

Table 4. Comparison of the results from empirical data with simulation in the

95 percentile of EQ, CV, SCV

Scinario pneumonia bronchitis
EQ cv scv EQ cv scv
I 2.12 0.13 -k 3.15 0.19 -*
I 2.17 0.14 6.36 344 0.18 12.72
m 1.81 0.12 3.46 2.35 0.17 6.49
* : SCV value was not shown in the paper of Lee SH (1994)
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Table 5. The power of variation indicies when it was a difference on the uti-
lization rate among areas (if the difference were to be rate difference)
(the repeat times : 1000)

the difference of utilization rate among areas (D)

no. of 0.1 0.2 0.3 0.5
aca EQ CV SCV EQ CV SCV EQ CV SCV EQ CV S8cv
(1) average utilization rate = 0.0005
10 60 64 62 77 79 78 150 156 161 298 360 362
20 61 70 67 72 144 140 137 234 235 315 551 551
30 60 80 78 90 130 139 132 251 264 326 666 682
40 46 55 6l 81 147 154 156 336 345 352 783 794
50 68 63 58 118 185 191 182 364 379 421 860 872
(2) average utilization rate = 0.001
10 68 71 72 134 160 160 249 318 324 604 742 748
20 81 80 81 142 216 222 299 472 475 683 918 921
30 81 98 94 165 255 251 356 611 607 795 981 980
40 55 84 87 146 307 317 339 688 694 794 996 996
50 68 86 81 165 343 333 363 780 774 820 999 998
(3) average utilization rate = 0.005
10 198 21t 208 654 734 737 947 977 977 1000 1000 1000
20 209 333 331 712 937 937 986 1000 1000 1000 1000 1000
30 238 366 384 837 983 985 994 1000 1000 1000 1000 1000
40 274 408 464 873 994 995 999 1000 1000 1000 1000 1000
50 273 541 573 895 998 999 1000 1000 1000 1000 1000 1000

Table 6. The power of variation indicies when it was a difference on the

utilization rate among areas (if the difference were to be ratio

difference) (the repeat times : 1000)
the difference of utilization rate among areas (R)
no. of 1.1 1.2 1.3 1.4
aca By CV SCY EQ CV SCV EQ CV SCV EQ CV SCV
(fi, £, £3) =(0.0, 0.9, 0.1)
10 8 8 86 186 229 230 404 451 462 642 693 701
20 59 7476 198 260 259 458 566 575 743 878 879
30 11z 123 115 253 346 348 588 743 740 870 965 963
40 67 98 98 222 392 393 571 844 842 872 991 991
50 8 113 108 248 449 450 601 874 868 888 995 995
(fi, £, 1) =(0.1, 0.9, 0.0)
10 75 76 19 174 163 161 350 269 271 546 439 448
20 66 7 71 194 185 191 420 373 384 681 639 643
30 95 111 111 205 227 217 506 517 515 776 811 809
40 67 99 100 217 273 270 504 597 609 779 870 869
50 69 82 74 235 301 300 508 678 671 828 914 914
(f, £ £:) =(0.1, 0.8, 0.1)
10 74 71 71 166 146 137 338 302 288 562 443 437
20 82 8 18 176 183 174 405 413 389 655 660 628
30 73 8 34 222 253 231 502 564 528 775 803 770
40 76 80 73 240 313 289 541 634 607 810 886 865
50 62 103 86 242 369 329 558 724 675 845 945 924
(fi, £, £5) =(0.3, 04, 0.3)
10 70 71 69 151 141 136 354 28 271 550 463 435
20 61 80 74 199 199 183 428 412 389 674 674 626
30 109 109 97 234 283 257 550 598 549 787 831 786
40 72 100 93 224 328 292 546 675 618 795 896 861
50 83 101 91 250 340 298 553 739 692 850 946 922

* 1 (fi, £, f;) means the proportion of each area group when all areas are grouped as 3 categories (high, middle,
low) by level of utilization rate
(ex. f1=0.3, 2=0.4, £3=0.3 -> the proportion of high-use area = 30%, the proportion ofmiddle-use area = 40%,
the proportion of low-use area = 30%)
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